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ABSTRACT 


A  study  has  teen  made  of  the  factors  that  affect  or  bring  about  the 
corrosion  of  the  zinc  electrode  in  a  silver-zinc— alkali  cell.  Cells 
containing  30/6  potassium  hydroxide  as  electrolyte  were  used  and  kept  at  room 
temperature,  /pecial  attention  was  centered  on  open  circuit  or  stand  conditions. 
This  corrosion  is  affected  primarily  by  oxygen  and  by  dissolved  silver  oxides. 

INTRODUCTION 

Although  the  so-called  silver-zinc-alkali  cell  has  been  produced  for  a 
relatively  short  time  its  applications  are  increasing  and  it  is  becoming  a 
rather  widely  use  system.  It  is  now  being  marketed  as  a  secondary  cell  having 
a  fairly  good  life.  It  is  especially  remarkable  that  these  advances  and 
developments  have  been  made  without  a  thorough  understanding  of  the  mechanisms 
of  the  electrode  reactions.  Relatively  little  work  of  a  more  or  less  theoretical 
or  fundamental  nature  has  been  reported  on  this  system. 

In  a  previous  report  (1)  it  was  noted  that  the  anodic  dissolution  of  zinc 
in  potassium  hydroxide  solutions  proceeds  in  two  steps.  However,  when  this 
reaction  takes  place  in  a  silver  cell  the  mechanism  is  undoubtedly  more  complex 
since  there  is  then  the  additional  complicating  factor  of  the  presence  of  the 
silver  oxides.  It  was  the  purpose  of  this  study  to  investigate  the  effect  of 
silver  oxides  and  other  factors  on  this  anodic  zinc  process. 

The  effect  of  the  silver  oxides  on  the  anodic  dissolution  of  zinc  in 
potassium  hydroxide  solutions  is  especially  obvious  when  one  studies  the  relation¬ 
ship  of  this  process  to  Faraday's  laws.  Two  solutions ,  15/6  and  3056  potassium 
hydroxide  were  used  as  the  electrolyte  in  cells  containing  zinc  anodes  and 
nickel  screen  cathodes.  Two  silver  couloeeters  were  connected  in  series  truth 
these  cells  and  a  small  current  density  was  used  for  about  two  hours.  Cor-'ering 


the  amount  of  zinc  oxidized  (dissolved)  -with  that  prescribed  by  Faraday's  laws, 
there  were  deviations  of  +4?  and  +0.1?.  then  a  similar  test  was  made  on  a  cell 
containing  a  silver  oxide  cathode  in  plade  of  the  nickel  screen,  and  30?  potassium 
hydroxide  as  the  electrolyte,  the  deviation  was  +93?,  i.e.,  the  loss  of  zinc  was 
about  twice  as  great  as  that  expected  from  Faraday's  laws,  A  good  deal  of  this 
loss  was  due  to  the  fact  that  during  passage  of  current  a  heavy  coating  of 
spongy  material  formed  on  the  anode  (zinc)  and  fell  off  when  the  electrode  was 
removed  from  the  solution.  This  latter  fact,  aside  from  the  deviation  from 
Faraday's  laws,  prompted  a  further  investigation  of  this  process  or  phenomenon. 

A  similar  phenomenon  was  produced  under  open  circuit  conditions  and  X-ray 
analysis  showed  that  the  spongy  metallic  product  was  the  same  in  each  case. 
Therefore  an  attempt  was  made  to  determine  the  origin  and  nature  of  this  deposit. 
This  was  done  by  using  only  open  circuit  conditions. 

FXmilJSNTAl 

Samples  of  zinc  sheet,  better  that  99.9?  pure,  furnished  by  the  New  Jersey 
Zinc  Sales  Go.,  were  cut  into  strips  about  1  cm.  wide.  These  were  degreased 
and  then  treated  briefly  with  diluted  hydrochloric  acid.  In  some  cases  such 
a  zinc  electrode,  together  with  another  electrode  made  try  pasting  silver  oxide 
on  a  silver  screen,  was  placed  in  a  large  test  tube  containing  about  50  ml.  of 
30?  potassium  hydroxide  solution.  The  electrodes  were  electrically  insulated 
from  each  other.  After  being  in  the  cell  for  twenty  four  hours,  the  zinc  was 
withdrawn,  briefly  Iranersed  in  6  M  acetic  acid,  than  in  distilled  water,  in 
ethanol,  and  finally  in  acetone.  Following  this  the  electrode  was  dried  by  beating 
for  a  short  while.  Each  run  was  carried  out  in  a  constant  temperature  bath  held 
at  2 5  -  0.1°C.  The  loss  of  nine  was  determined  by  the  difference  in  weight. 

The  surface  area  of  the  immersed  zinc  was  about  10  sq.  cm.  In  some  runs  the 


>- 


silver  oxide  electrode  was  omitted,  and  in  others  a  smaller  test  tube  and  a  smaller 
volume  of  electrolyte  were  used.  X-ray  diffraction  patterns  were  obtained  by  the 
use  of  copper  radiation  with  a  nickel  foil  filter. 

BiS OHS 

It  soon  became  apparent  that  even  on  open  circuit  several  factors  were 
involved  in  the  corro  -  .on  of  the  zinc.  Vflien  cells  were  assembled  using  silver 
oxide,  the  zinc  sheet,  and  30%  potassium  hydroxide  solution,  the  zinc  electrode 
always  became  covered  with  a  dark  black  film.  This  film  had  a  velvety  appear¬ 
ance  when  viewed  with  a  microscope.  A  black  film  is  sometimes  noted  on  the  zinc 
electrodes  after  a  discharge  and  then  it  is  often  due  to  a  form  of  zinc  oxide  (1). 
In  this  case,  however,  the  black  film  did  not  appear  to  be  the  zinc  oxide.  It 
did  contain  varying,  but  appreciable,  amounts  of  silver  or  its  oxides.  This 
was  noted  by  dissolving  a  portion  of  the  electrode  in  nitric  acid  and  then 
adding  hydrochloric  acid  to  precipitate  the  silver  as  the  chloride.  X-ray 
diffraction  patterns  obtained  from  this  film  contained  the  lines  due  to  zinc, 
but  there  were  other  additional  lines  as  well,  particularly  at  about  2.25  and 
2.15A.  These  extra  lines  were  found  in  all  such  samples.  Futhermore,  these 
same  lines  were  found  in  the  spongy  material  that  peeled  off  the  zinc  electrode 
when  it  was  removed  from  the  solution  after  having  received  a  twenty  four  hour 
anodic  treatmamt.  They  were  also  produced  by  the  dark  colored  film  that  forms 
on  the  zinc  shortly  after  the  discharge  of  a  silver  oxide-zinc-alkali  cell  is 
begun.  These  two  lines  are  not  due  to  silver  or  its  oxides.  The  indications 
then,  re  that  although  silver  or  its  oxides  were  found  on  the  zinc  electrode, 
tbej.  re  not  present  in  appreciable  quantities  as  metallic  silver  or  oxides  of 
silver,.  This  Mack  fi la  was  formed  only  when  the  silver  oxide  was  present  in 
the  cell,  net  when  zinc  alone  was  immersed  in  the  potassium  hydroxide  solutions. 
Thus  the  silver  oxide  electrode  is  in  some  manner  related  to  this  film  on  the 


zinc.  However,  the  effects  of  other  conditions,  were  also  stvziea. 


Table  I  gives  a  summary  of  the  results  obtained.  Coluem  2  indicates  the 
conditions  under  which  each  rua  was  m ade.  In.  f— ■  nas  no  electrode  of  silver 
oxide  was  present,  bat  rather  some  silver  oxide  powder  was  placed  in  the  tert 
tube  with  the  electrolyte  and  the  line  was  placed  on  glass  beads  in  the 
bottom  of  the  test  tube.  This  is  indicated  in  ooltwt  3.  In -other  cases  the 
zinc  specimen  was  given  a  sliver  coating  by  dipping  it  in  a  silver  nitrate 
solution  before  it  was  assembled  in  the  cell.  This  is  indicated  in  Column  3- 
CaLuen  7  refers  to  the  nature  of  the  coating  fenxsd  on  the  zinc  spsciafia. 

Fran  these  results  several  oonclusians  can  be  drawn  as  to  the  nature  of 
the  proows  taking  place.  First  of  all  it  appears  that  ureter  the  conditicess 
prevailing  in  these  experiments  the  anoint  of  electrolyte  had  bet  little  effect, 
sec  rues  17  ami  2L. 

m.  significant  factor  is  oxygen,  either  dissolved  in  the  electrolyte,  or 
present  in  the  atmosphere  above  the  electrolyte.  There  is  no  doubt  that  such 
ougrgec  affects  the  corrosion  of  zinc.  Xc  these  experiments  wate  tteoosits  of 
zinc  oxide  were  sometimes  formed  at  the  electrolyte  surface.  This  cnae  is 
soluble  in  potassium  hydroxide  solutions  and  hence  suer  oxide  formation  offers 
no  protection  against  corrosion.  The  effect  of  oxygen  is  noted  by  comparing 
rums  1  with  3  and  2  with  1.  In  each  pair  all  the  conditions  were  alike  except 
for  the  of  air  tiroegh  the  electrolyte.  However,  even  when  air  was 

not  SfNEl—1  thiragn  the  solution  the  effect  of  oxygen  ooald  be  noted.  Com¬ 
parison  of  raw  It  with  5,  1C  with  21,  and  13  with  It,  shows  the  effect  of 
dissolved  oxygen.  In  runs  f,  11.  and  13.  the  electrolyte  was  net  fresh. 
Conmqmntly,  dissolved  cuygen  bed  already  been  consumed.  Compering  these 


with  otherwise  identical 


it  is 


that  in  each  ease  the  corrosion  of 
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FACTOR#  COMISiaUTIJIC  TO  THE  CORRG3IC*  OF  ZII3C  IX  10%  IOH  AT  25cC. 


*  the  various  conditions  nrsj 

a-  tlr  bubbled  through  slsotrolyte  throughout  experiment, 
b-  nitrogen  bubbled  through  eleotrolyt#  throughout  expsriaent. 
o-  eleotrolyt#  eaturated  *  1th  tine  oxide, 
d-  tlno  completely  iubnerf;ed#  1,«. ,  no  "eater  line"  effect, 

#-  elect re lyt*  contain#  0,2#  hjdrogtm  peroxide, 
f-  electrolyte  «u  sot  free#  hut  bed  Juet  been  used  for  another  run. 
C-  50  el,  of  electrolyte  used, 
b-  6  el,  of  electrolyte  need. 


zinc  was  considerably  less  with  the  o xyger— deficient  el  setrolyte.  This  was 
true  whether  silver  oxide  mbs  present  or  not. 

Still  another  evidence  for  this  is  found  by  canparing  runs  17  ana  20.  In 
20  the  zinc  Mas  completely  submerged  whereas  in  17  part  of  the  zinc  -was  ant 
of  the  electrolyte.  The  zinc  was  attacked  to  a  greater  extent  in  the  letter 
case  where  atmospheric  oxygen  as  well  as  dissolved  oxygon  was  araslaiile  for 
reaction.  Furthermore,  in  ran  16  nitrogen  mbs  buStled  through  the  electrolyte; 
thus  removing  the  oxyger..  Bare  again  the  weight  loss  of  zinc  mss  less  than  in 
run  21. 


Thus  the  oxygen  does  attack  the  zinc.  The  accoanisn  of  this  reaction 
probably  involves  local  cells  containing  zinc  and  oxygon  electrodes.  In  effect, 
the  oxygen  transforms  the  zinc  to  zinc  oxide  or  nydroxide  which  then  cisscires 
in  the  potassiue  hydroxide  solution.  If  this  is  the  toarse  of  the  process, 
then  if  the  electrolyte  were  saturated  with  zinc  oxide  tne  axidatiao  rrottart  of 
the  rise  would  not  dissolve  ss  readily  and  tnis  product  might  then  offer  some 
protection  to  the  mmiinlng  zinc.  In  rur  ?.  no  electrolyte  saturated  with  zinc 
trwiiim  mas  used  and  the  attack  on  zinc  was  definitely  less  than  in  run  1.  In 
both  these  runs  air  wzs  bubblea  tbrovph  the  electrolyte,  thus  heightening  tne 
effect  of  oxygon,  ’where  this  was  not  done  the  effect  of  zinc  oxtOe-xatoratea 
potassium  hydroxide  was  negligible,  e.g.,  runs  3  and  U,  rats  6  and  ?. 

However,  unoer  oertain  conditions,  passing  air  through  the  electrolyte 
made  very  little  differ  mum.  In  ne  15  the  lose  in  weight,  of  zinc  was  about 
the  seme  as  that  in  net  ZL.  This  may  indicat*  that  the  oxygon  attack  is  primarily 
by  the  dissolved  oxygen.  This  difference  may  have  base  more  pronounced  if  the 
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does  not  produce  the  black  film  referred  to  earlier.  Silver  oxide  is  necessary 
for  this  and  it  produces  the  black  file  even  in  the  absence  of  oxygen,  run  6. 

Thus  the  actions  of  oxygen  and  of  silver  oxide  are  different,  but  they  often 
occur  simultaneously. 

The  effect  of  silver  oxide  electrodes  on  the  corrosion  of  zinc  is  readily 
seen  by  comparing  runs  1  with  15;  3  with  21;  and  6  with  18.  In  each  case  the 
corrosion  of  zinc  was  greater  in  the  presence  of  the  silver  oxide  electrodes. 

The  difference  was  not  the  sar  a  in  each  of  tnese  three  cases.  The  reasons  for 
this  are:  (a)  The  weight  loss  is  not  accurate  in  each  case  since,  especially 
in  run  1,  a  l^rge  amount  of  spongy  metallic  material  was  formed  which  fell  off 
when  the  electrode  was  removed;  (b)  In  some  cases  the  electrolyte  was  agitated 
with  air  or  with  nitrogen,  'when  no  agitation  was  used,  runs  3  and  21,  the 
difference  was  significant  but  not  large.  'When  the  electrolyte  was  agitated 
by  bubbling  nitrogen  through  it,  the  corrosion  loss  of  zinc  due  to  the  presence 
of  silver  oxide  electrodes  was  greater,  runs  6  and  18.  In  each  case  the  sine 
received  a  velvety  black  coating  or  a  spongy  metallic  deposit. 

An  explanation  for  this  phenomenon  involves  the  ready  dissolution  of  silver 
oxide  in  potassium  hydroxide  solutions.  This  is  shown  on  Figure  1.  Small 
amounts  of  silver  oxide  were  placed  in  stoppered  flasks  containing  25%  potassium 
hydroxide  solution.  These  mixtures  were  kept  at  room  temperature,  shaken 
occasionally,  and  from  time  to  time  samples  were  withdraws,  filtered  through 
glass  wool,  and  analyzed  for  silver  hy  titrating  potenticeeatrically  with  a 
potassium  iodide  solution.  The  results  show  that  the  silver  oxide  dissolves 
rapidly  in  potassim  hydroxide  solutions.  ehen  zinc  wms  aided  to  these  solutions 
the  dissolved  silver  was  renewed  rather  rapidly. 

Quite  likely  then,  the  silver  oxide  fron  the  electrode  dissolves  in  the 
potassium  hydroxide  electrolyte.  'Am  this  dissolved  silver  reaches  the  zinc 


electrode  it  reacts  with  the  sine  and.  precipitates  there,  the  reuctiens 
probibly  being 

H2O  ♦  2  CST  — >  2  ig(CK>2  (I) 

2  lg(C£)2  *  Ze  —5*  Zn(Cffl)2  +  2  ig  -r  2  OiT  (H) 

Zn(0fi)2  *2JT  __3r  2n(C8)J  * 

Ibis  mechanism  accounts  for  the  presence  of  silver  found  in  the  black  film 
or  laetailic  deposit  on  the  zinc  specimens.  It  also  accounts  for  the  effect  of 
agitation,  e.g. ,  comparing  ran  3  with  6  where  no  oxygen  was  present  but  the 
solution  :cas  agitated  with  nitrogen.  This  agitation  hastens  the  diffusion  of 
•liver  oxide  to  the  zinc  specimen  and  thus  reaction  {H)  takes  place  more 
rapidly.  Cararison  of  run  4  with  7  supports  this  hypothesis. 

Further  support  for  this  mechanism  is  found  in  the  fact  that  the  appearance 
of  the  dark  film  on  the  zinc  when  the  silver-zinc  cell  is  discharged  is  more 
rapid  as  the  temperature  increases  and  as  the  concentration  of  the  potissiuc 
hydroxide  increases.  Increasing  the  temperature  would  increase  the  solubility 
of  jr.Llver  oxide  am  also  ihe  rate  of  diffusion  of  dissolved  ions.  The  solubility 
of  silver  oxide  also  incresses  with  increasing  hydroxyl  ion  concentration  {2). 

When  a  little  silver  oxide  was  added  to  the  electrolyte  in  the  absence  of 
silver  oxide  electrodes,  the  effect  was  slight,  runs  9  ad  10.  This  was 
unteuttadly  due  to  the  fact  that  the  silver  oxide  rested  cn  the  bettan  of  tne 
-test  tube  vith  the  zinc  specimen  suspended  above  it.  In  inis  case  the  dissolved 
■Silver  oxide  would  have  had  to  diffuse  upward.  That  some  of  it  did  was  shown 
bjr  the  fict  that  the  zinc  did  became  covered  with  a  light  black  film.  This  was 
heaviest  at  the  bottom  of  the  electrode. 

The  dissolved  silver  oxide  is  largely  in  the  form  of  a  negative  ion. 

Tbs  ref  ore,  it  is  obvious  that  reaction  (XZ)  will  he  hastened  during  the  ilscntrge 
of  the  cell,  since  then  thr  zinc  functions  as  the  anode.  The  silver  ions  will 


then  migrate  more  rapidly  to  the  zinc.  For  this  reason  too  the  sane  kind  of 
film  is  formed  on  the  zinc  during  discharge  of  the  cell  as  during  stand. 

There  still  remains  the  question  of  the  origin  of  the  spongy  metallic 
deposit  on  the  zinc,  especially  in  run  1.  As  has  been  noted,  this  deposit 
contained  silver  bitfno  silver  lines  were  found  in  the  X-ray  pattern.  Instead 
there  were  zinc  lines  plus  others.  A  possible  mechanism  for  this  phenomenon  is 
givmn  below. 

When  reaction  (II)  takes  place  it  may  do  so  only  at  certain  sites  in  the 

zinc  lattice.  The  reduce  silver  tom  then  replaces  the  oxidized  zinc  atom. 

•liver 

This  gives  the  ordinary  flattice  with  silver  a  toes  restituted  for  zinc  atoms  at 
certain  points.  The  -result  is  a  solid  solution  of  silver  in  zinc,  ‘'any  studies 
have  been  made  of  the  silver-zinc  system.  Of  particular  help  is  the  work  of 
aestgren  and  Phragmen  (3).  Owen  and  Pickup  (4),  and  Owen  and  fidwunri*  (5),  where 
the  zinc-rich  phases  cM  discussed;  Vestgreh  -and  .Phragmen  give  much  infoxnatian 
on-  the  X-ray  patterns  of  this  system.  The  designation  of  the  various  phases 
differs  so  such  phases  will  be  designated  here  by  composition. 

On  Figure  2  are  given  the  X-ray  Hass  for  zinc,  same  silver-zinc  alloys  or 
solid  solutions,  and  for  a  representative  film  obtained  in  our  work.  Comparing 
these  patterns,  it  appears  that  the  black  film  on  the  zinc  specimens  consists  of 
zinc  plus  seme  silver-zinc  solid  solution  having  a  composition  rxrrxr~  from 
50  tp  80£  zinc.  The  lines  in  Figure  LH-b  vary  somewhat  with  the  amount  of  zinc 
present  (3).  The  region  51  to  6cf  zinc  consists  of  a  mixture  of  the  two  phases 
represented  in  Figures  Hl-b  and  IU-e  (4).  These  X-r*j  data  land  support,  then, 
to  the  hypothesis  that  when  the  dissolved  silver  oxide  reacts  with  the  zinc,  a 
solid  solution  of  silver  in  sine  is  formed  on  the  surface  of  tills  zinc. 

Futhermore,  with  this  hypothesis  one  also  hns  an  explanation  for  toe  sooner' 
metallic  deposit  fowmd  on  the  sine  specimen  ia  a  -few  ef  the  rams,  ,*s  has  bean 
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acted,  analysts  showed  that  this  deposit  contained  zinc  ana  sukt.  The  fiirsatixss 
of  the  sHver-zinc  solution  lowers  the  activity  of  the  zinc  on  the  electrode  at 
that  site. '  The  potent  la.  of  the  dissolution  of  rise,  aquation  JUT] ,  iiozlr  tiers 
be  great  >.  >rsoagh  to  cause  reaction  <T)  to  take  niaoe  ai  another  p  rt  of  -fas  saae 

2h  (a  *  1)  -T-  -a  T£T_— ^r2ntCE)£.  "  -  2  e  rIT; 

Za{C3)r  *  +  2  e  ~-Ze  {a<  1}  +  ■+  ZE~  (V) 

*«r 

electrode.  Another  sasilamticss  is  that  suggested  »  St  rsawasd c  ra  rang  t?) 
who  studied  a  sinilar  cheonenoc  is  acid  solutions.  ssggssisd  that  the  solid 

solution  is  less  anodic  than  sine  and  nsnee  the  solid  solartina  css  be  r sec sited 
by  the  3®“  of  zinc  itself. 

'There  is  also  other  evidence  that  metallic  silver  zs  sres  i_s  net.  irrolvds 
in  this  process.  Haeo  rinc  was  covered  with  silver  before  being  asseafelsd  m  the 
mil,  runs  12,  13,  and  10,  there  vas  ra  increase  in  corrosion  (coa care  with 
run  20)  bat  there  as  no  risible  fiia  sxi  the  rinc.  ?tther»re,  voea  z  silver 
electrode  and  a  ~ine  spectnen  were  electrically  caenected  in  a  potasrim 
hydroxide  solution  the  rinc  dissolved  and  hydrogen  was  evolved,  vigpruoaly  it 
first,  on  tha  silver  but  after  twenty  four  hoars  no  mac  appeared  rt  its*  silver 
electrode.  The  ractioc  probably  was 

Zn  2  SjO  — T2n(0E)2  +  E2  if!) 

Two  rtxss  ware  also  nd*  to  test  the  effect  of  rydrugec  peroxide-  or  this 
corrosion  of  zinc.  The  presence  of  the  perexyi  roe  increases  the  corrosion  of 
.zinc  consioerahly  when  silver  oxide  is  present,  see  rues  3  ana  3.  1c  the  basis 
of  tbersodyniaic  considerations  tee  could  be  expected  dnee  the  free  energy 
decrease  for  reaction  (TLL)  is  about  25  seal,  greater  then  fer  reaction  ,'Vili'. 

ig^D  *  3D*  ♦  2  Zc  -  2  H^D  -*2  ig  *  i  Zc<c£}^  *  is*  :th5 
2  AlyO  v  2  Zn  *  2  E-2  — Ag  ♦  2  Zn^OE}^ 


iTm* 


However,  the  mechanism  is  likely  not  as  simple  os  indicated. 

In  the  absence  of  silver  oxide,  the  effect  of  hydrogen  peroxide  is  less, 
see  runs  17  and  19.  In  fact,  the  presence  of  the  peroj^l  ion  seems  to  reduee 
the  corrosive  loss  of  zinc.  The  effect,  however,  is  small. 

SUMMARY 

In  a  silver-zinc-alkali  cell  th^fcinc  electrode  is  attacked  and  oxidized 
by  oxygen,  h’hen  no  diaphragm  is  present  to  reduce  or  eliminate  diffusion, 
dissolved  silver  oxide  migrates  to  the  zinc  ele  strode  where  it  is  reduced  and 
forms  a  solid  solution  with  the  zinc,  or  else  is  deposited  as  such.  This  enables 
zinc  or  silver-zinc  solid  solution  to  precipitate  from  the  electrolyte  in  a 
spongy  form  on  the  zinc  electrode  during  open  circuit  conditions. 

ACKkCT.vLEDGlMENT 

The  authors  wish  to  express  thanks  to  the  Office  of  Naval  Research  for 
sponsoring  this  project,  to  the  New  Jersey  Zinc  Sales  Co.  for  furnishing  sons  of 
the  materials,  and  to  Mrs.  Jeanne  Burbank  for  her  help  in  interpreting  the  X-ray 
work. 


.11. 


REFERENCES 


1-  T.  ?.  Dirkse,  J.  Electrochea.  Soc. ,  102.  497  (1955) 

2-  H.  L  Johnston,  F.  Cuta,  A.  B.  Garrett,  J.  A».  Chat.  Soc. ,  55. 

2311  (1933) 

3-  A.  W'estgren,  G.  Fhragaen,  Phil.  Hag. ,  50.  3H  (1925) 

4-  E.  A.  Owen,  L.  Pickup,  Proc.  Hoy.  Soc.,  j.4QA.  344  (1933) 

5-  E.  A.  Owen,  I.G.  Edaunds,  J.  Inst.  Metals,  Jj2,  297  (1935): 

62,  265,  279.  291  (1938) 

6-  H.  E.  Swanson,  E.  Tatge,  "Standard  X-ray  Diffraction  Powder 

Patterns",  National  Bureau  of  Standards  Circular  539, 
Vol..  I,  Washington,  D.C.  (1953) 

7-  K.  E.  Straumanis,  C.C.  Fang,  J.  Elec troche*.  Soc.,  3fi,  9(1951) 


Figure  1.  Dissolution  sc  precipitation  of  silver  ixLde  ircac 
25%  ICG  solution.  Open  circles,  dissolution  of 
silver  oxide;  closed  circles,  nrecirats-tion  of 
dissolved  silver  oxide  trr  netcllic  nine. 
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